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EDITORIAL NOTES 


Simplicity and Economy. 


A LARGE part of the training of young engineers is concerned with the efficient 
use of materials, and comparatively little with the cost of engineering works. 
It is not surprising, therefore, that the words efficiency and economy are some- 
times considered to be synonymous; otherwise such misleading terms as 
“economic depth ” and “ economic ratio ’’ would long since have been discarded. 
Most designers are brought to realise at an early stage of their careers that the 
simplest designs are generally the cheapest, even if they require more material 
than is really necessary. The provision of long lengths of vertical reinforcement 
in order to reduce the extra material at splices, or of complicated sections in 
order to save concrete, may call for less materials but is generally more 
expensive than the more wasteful alternatives. There can be few engineers who 
have never made such minor errors, and learned from them the value of simple 
design and detailing ; it is therefore surprising that the extent of the saving in 
cost which is often made possible by simple planning is not so widely realised. 
Any requirement can generally be fulfilled in several different ways, and the cost 
of the resulting structure will depend to a very large degree upon the method 
selected. The adoption of an unnecessarily complicated scheme can result only 
in an unnecessarily expensive structure, yet the importance of simplicity at this 
Stage of the design is frequently under-estimated. 

In this number we illustrate the first premiated design in a competition for 
the design of a reinforced concrete factory. In the course of his report the 
assessor states that the impression given by the various structural schemes sub- 
mitted is that most of the competitors created unnecessary difficulties by making 
their schemes unduly complicated. The assessor states that no system of con- 
struction lasts very long unless it is very simple, he expresses the view that the 
general standard of structural solutions submitted is disappointing, and urges 
designers to concentrate on making structures simple rather than spectacular. 
It is depressing that such comments should have been found to be necessary. 
It is to be expected that designs prepared as entries for competitions should tend 
towards the unusual, but it does not necessarily follow that such designs must 
be complex. If the competitors can only produce schemes which are either 
simple or spectacular, but not both, a simple scheme is to be preferred. 
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The simplest reinforced concrete roof for long spans is some form of shell 
structure ; yet surprise is expressed by the assessor that very few of the ninety-six | 
entries submitted included proposals for shell roofs. The comment is made that 
while a shell roof may not be cheaper than a well-designed precast framework 
with light-weight sheeting, it would certainly be cheaper than many of the schemes 
submitted including precast and other forms of solid roofing. For the fairly large 
spans implied by the conditions of the competition this seems to be so self-evident 
that it is difficult to understand why so few shell roofs were proposed, and the 
assessor's suggestion that they may now be “ out of fashion ”’ is illuminating. If 
this is the case, then many clients may be called upon to spend more money on 
their buildings than they need to do because architectural and engineering 
“fashion ”’ denies them a simpler, cheaper, and more efficient alternative. It is 0 
disturbing that so many of the schemes submitted should be based on such | g 
a premise. 

A thorough acquaintance with the cost of engineering works discourages the 
production of complicated designs. It is stated in the report that variations in | p 
the estimates, due either to optimism or lack of consideration, were so pronounced | p 

| a 
0 
V 


as to constitute the main features of the various schemes submitted. There was | 
a difference of more than one hundred per cent. between the lowest and highest 
estimates submitted, and it is stated that, although many of the structural schemes 
submitted would be extremely costly, this fact was not reflected in the estimates 
which accompanied the schemes. The estimates of cost per square foot of the 
manufacturing and storage areas of the three winning designs are given in the 
report as 50s., 51s. 7d., and 41g, 9d. It is possible to erect a structure which 
would serve the same purpose i a much lower cost ; such a structure would | ? 
meet the requirement of the competition that the building must be economical, 
but it would be unlikely to-comply with the spirit of the competition which called 
for “‘ imaginative ’’ designs -that would “ add to the amenities of an industrial 
area’. It seems that many of the competitors attached too much importance 
to the word imaginative, concentrated on constructional gymnastics and novelty, 
and forgot the advice of Francis Bacon to leave enchanted palaces to the poets 
who build them at small cost. 

There can be few prospective owners of factories who would willingly pay 
so much more in order to improve the architectural quality of their buildings. 
Many of the light and economical factories which have recently been erected are 
by no means unpleasing, and many owners do not begrudge the extra cost of 
such structures ; however, the employers of architects and engineers are entitled 
to expect that their money should be used to the best advantage. The sanctioning 
of unnecessarily complicated structures when the architects’ or engineers’ estimates 
of cost are unrealistically low, and without getting an actual tender from a con- | 
tractor, is no doubt infrequent and will remain so ; the report serves an excellent 
purpose in stressing the importance of simple designs and reliable, or even pessi- 
mistic, estimates of cost. Many of the designs would not detract from such } 
amenities as an industrial area may possess, but according to the assessors few 
of them could be considered economical. G 
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LOAD-FACTOR METHOD. 





Beams and Slabs Designed by 
the Load-factorMethod.* 


In Accordance with the B.S. Code of 1957. 
By CHAS. E. REYNOLDS, B.Sc. (Eng.), A.M.I.C.E. 


Comparison of Load-factor and Modular-ratio Methods of Design. 


Designs of beams by the load-factor method are compared in the following 
with corresponding designs by the modular-ratio method, which is based on the 
elastic behaviour of beams at working load. 

RECTANGULAR BEAMS AND SOLID SLABS WITH TENSILE REINFORCEMENT 
onty.—The moment of compressive resistance of a rectangular beam or solid 
slab reinforced in tension only can be expressed as Q,.bd,?. In the load-factor 
method Q, is always 0°25),, irrespective of the tensile stress in the reinforcement. 
In the modular-ratio method there is a complex relation between Q, and the 
permissible stress p,, in the concrete and the permissible or actual tensile stress 
py, in the reinforcement. Values of Q, calculated by the alternative methods 
are given in Table VII for mild steel bars and high-yield-stress bars and for 
ordinary, lower and higher grades of concrete. Comparison of the tabulated 
values of Y, shows that the load-factor method allows a greater value for the 


TABLE VII. 


Reinforcement Mild steel High-yield-stress steel 
pu (Ib. per square inch) 20,000 30,000 
pe (Ib. per square inch) 18,000 23,000 
pe (Ib. per square inch) 750 1000 1250 750 1000 1250 
Load- Qc 1873 250 3124 1873 250 3124 
factor 
With method rr 0°0125 0°0167 00208 0°008 3 O’orIrr 0°0139 
tensile 
reinforce- 
ment only Modular- | Qe 1194 184 254 93 148 210 
ratio 
method Yr 0°0067 0°0107 00152 0°0034 00056 00080 
Load- Qc goo av. 960 av. 1025 av. | 1100 av. 1160 av. | 1220 av. 
factor Yr, 0°052 av. 0°056 av. O-O6I av. | O°O4I AV. 0°044 AV. | 0°047 aV. 
method (Age) 
With (Ase Ys 0°044 av. 0°044 aV. 0°044 av. 0°046 av. 0°046 av. | 0°046 av. 
maximum 0°04bd) (A se) 
amount of 1, +7, | 0°096 av. 0-100 av. 0-105 av. 0°087 av- 0-090 AV. | 0093 av. 
compressiv e 
reinforce- 
ment Modular- | Qe 193 406 758 119 227 374 
ratio rs Ys 0-046 
method (Au) o-oll 0°023 inet 0°0044 00082 O-or4I 
(Ase = Ast) 715 +72 0-022 0°046 0-090 0-009 0-016 0-028 
d, = old, 


compressive resistance of the concrete than does the modular-ratio method, the 

difference being up to 100 per cent. for lower-grade concrete reinforced with 

high-yield-stress bars or wire, and about 40 per cent. for ordinary-grade concrete 
* Concluded from May number. 
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reinforced with mild steel bars. The greater the strength of the concrete, as 
expressed by the permissible stress p,,, the smaller the percentage difference: 
but the greater the tensile stress the greater the percentage difference. The 
area of tensile reinforcement required to provide a moment of tensile resistance 
equal to the moment of compressive resistance can be expressed by 7,.bd,: 
values of 7; corresponding to the tabulated values of Q, are also given in Table VII. 
This tensile reinforcement is greater for the load-factor method than for the 
modular-ratio method and varies directly with Q,; direct comparison of the 
values of 7; does not, however, present a fair picture unless they are modified 
to suit the different moments of resistance or effective depths. 

At first sight these differences in Q,, and to a less extent in 7,, are serious 
divergences between two accepted methods of calculation, the practical implica- 
tion of which can be examined by determining in general terms the sizes and 
reinforcement of rectangular beams and solid slabs required to resist a specified 
bending moment. Consider a beam or slab of ordinary-grade concrete (p,, 
= 1000. lb. per square inch) with mild-steel tensile reinforcement only (p, 
= 20,000 lb. per square inch) which is required to resist a bending moment of 
M’ in.-lb. per inch of width. By the load-factor method 


d,= Bd = 0:0633V M’ in. 
250 


Ay = 0°0167d, = 0-00106V M’ sq. in. per inch width. 


ee TTT 


By the modular-ratio method 


d, = Je = 0:074V M’ in. 


A,, = 0°0107d, = 0:00079V M’ sq. in. per inch width. 


By the load-factor method there is, therefore, a saving of concrete of 0-13V/M' 
cu. in. per foot length of beam or slab for each 1 in. of width, and a small saving 
in shuttering in the case of a beam; but there is an increase in net weight of | 


reinforcement of 3:4 x 0:00027V.M’ = 0-00092V M’ Ib. per foot. At current 
prices of I: 2: 4 concrete and mild steel bars the beam or slab designed by the 
load-factor method costs more than the deeper beam or thicker slab with less 
reinforcement given by the modular-ratio method. 

Consider now two beams or slabs of the same effective depth as that required 


by the modular-ratio method, that is 0-074 M’ in. Since the quantities of, 
concrete and shuttering in this case are identical, the only variation in cost | 
is due to different amounts of tensile reinforcement. The amount of mild 
steel reinforcement required by the load-factor method is calculated from the} 


appropriate design formula in series B in Table I, that is, A,, is tr where | 
) 


y 


mM’ \ —_ 
F=2[{1 — Jt — ——___—.]; substituting } = 1 in. and d, = 0:074V M’, then| 
( fee aH) § 1 74 


Ay = 0:00081V M’ sq. in. per inch width compared with 0-00079V M’ sq. in. ' 
required by the modular-ratio method ; the advantage is slightly in favour of } 
the modular-ratio method, but the difference may be insignificant in practice. | 
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RECTANGULAR BEAMS WITH COMPRESSIVE REINFORCEMENT.—The values of 
the moment-of-resistance factors Q, for a rectangular beam with compressive 
reinforcement, and the corresponding coefficients of tensile reinforcement 


LOAD-FACTOR METHOD. 


(r = at) and compressive reinforcement [{ 7, = i) are given in Table VII 
1 

for the same range of stresses as for a rectangular beam with tensile reinforce- 
ment only and for the two methods of calculation. The factors for the load-factor 
method are derived from Tables III and IV, and therefore the amount of com- 
pressive reinforcement is the maximum permissible, being 4 per cent. of the 
gross cross-sectional area of the beam. The limiting amount of compressive 
reinforcement for the factors for the modular-ratio method is that required for 
A,, = A,, when the compressive stress in the concrete is taken into account and 
does not exceed the permissible stresses stated in the table. For the modular- 
ratio method it is assumed that d, = o-Id. Except in the case of p,, = 1250 lb. 
and ~,, = 20,000 lb. per square inch, the amount of compressive reinforcement 
required by the modular-ratio method is much less than 4 per cent., and this 
fact, combined with the greater compressive resistance that is attributed to the 
concrete and the compressive reinforcement by the load-factor method, gives 
considerably greater moments of resistance (and quantities of reinforcement) 
when the load-factor method is used than when the modular-ratio method is used. 

Comparative factors, similar to those previously derived for rectangular 
beams with tensile reinforcement only, for the common case of ~,, = 1000 Ib. 
per square inch and mild steel bars are as follows. 

For the smallest beam by the load-factor method, 


d,= Ja = 0:0323V M’ in. 
g6o 


A, + A,, = 0-100d, = 0:00323V M’ sq. in. per inch width. 

For the smallest beam by the modular-ratio method, 

M’ <a 
d,= ,/— =0-050VM’ in. 
1 Js 5 
A, + A,, = 0°046d, = 0:0023V M’ sq. in. per inch width. 

The saving in concrete obtained by the load-factor method is 0-212 M’ cu. in. 
per foot length of beam for each 1 in. of width, but the net weight of reinforce- 
ment is increased by 0:0032V M’ Ib. per foot, the cost of which is more than 
the saving in the cost of concrete and shuttering. 

Comparing two beams of identical size, both having an effective depth equal 
to that required for the smallest beam by the modular-ratio method, the area 
of compressive reinforcement required for a beam designed by the load-factor 
method is calculated by substituting b = 1 in., d, = o-1d,, and d, = 0:050VM’ in. 
in the appropriate design formula in series B in Table I, from which 

M’ 


A, = bd, = 0-00046V/M’ sq. in. per inch width. 
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Similarly, the area of tensile reinforcement is calculated from | of 2 
files the 
Ay = = + 0-9A,, = 0-0012V M’ sq. in. per inch of width. | slab 

' 
_ bear 
The total reinforcement A,, + A,, = 0-0017VM’ sq. in. per inch of width stres 
compared with 0-0023V M’ sq. in. required by the modular-ratio method ; design , the 
| desi; 


by the modular-ratio method is therefore the less economical if mild steel bars 
are used; but, again, consideration should be given to practical designs as in | fore 
the examples which follow. is Mm 

If high-yield-stress bars are used it is seen from Table VII that the values | at t 
of Q, for the load-factor method are greater than for mild steel bars, whereas | 4” § 
the values of Q, for the modular-ratio method are less for high-yield-stress bars | €SS 
than for mild steel bars. Moreover, the values of Q, for high-yield-stress bars | 25 ( 
for beams with compressive reinforcement (modular-ratio method) are less than : 
the values for the load-factor method without compressive reinforcement. It | ™ée 
is therefore obvious that for beams of equal size with high-yield-stress bars, | fore 
and a depth equal to the smallest required by the modular-ratio method, the | or ! 
load-factor method requires no compressive reinforcement, and, since the tensile } toa 
reinforcement is less than the total reinforcement required by the modular-ratio | the 


method, the load-factor method again gives the more economical design. | that 
FLANGED BEAms.—In an ordinary tee-beam, in which the flange provides and 
more compressive resistance than is required to resist the applied bending moment, | !8! 


the moment of resistance depends on the amount of tensile reinforcement. The | SP@! 
load-factor formule for this condition (Table VI) are identical with those for of tl 
the modular-ratio method, and there is therefore no difference in designs based | TS!S 


on the two methods. | bind 
The moment of resistance’ of a tee-beam, ell-beam, or I-beam in which the | steel 
compressive stress in the concréte is equal to, or nearly equal to, the permissible | 
stress, is considerably greater if it is calculated by the load-factor method than | steel 
if it is calculated by the modular-ratio method, and the amount of tensile rein- } the | 
forcement required to balance this compressive resistance is likewise greater. | #°©° 
In general, the remarks on the relative economy of rectangular beams with and | 
without compressive reinforcement designed by the two methods apply also to p as Is 
flanged beams if the compressive stress is equal to, or nearly equal to, the | from 
permissible stress. fa 
a), 

Examples of Continuous Rectangular Beams and Solid Slabs. » is be 

1 


The meaning of the foregoing differences, in terms of sizes and reinforcement, 
is best seen by comparing complete designs, because the foregoing comparisons calet 
apply to one section only of a rectangular beam or solid slab. In practice such § CONS 
comparisons would therefore apply only to simply-supported members or to f 'S Us 
continuous members if the bending moments at the supports are the same as | cula’ 
that at midspan. The more common case of unequal bending moments at } "equ 


—— 





supports and midspan are considered in the following examples. able 
may 

RECTANGULAR BEAM. T 
Calculation Sheets Nos. 1 and 2 give computations for six comparative designs } are 

of an interior span of a rectangular beam continuous over a number of spans ( 
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of 20 ft. and carrying a floor constructed of precast slabs. In all the designs 
the beam is 12 in. wide, as this width is required to provide a bearing for the 
slabs ; the ratio of span to breadth is 20 and therefore the beam is not a slender 
beam (see Table 14 of the Code) and the maximum permissible compressive 
stress ~,, in this case 1000 lb. per square inch, can be adopted. The depth of 
the beam in each case is determined by the resistance required at midspan, the 
design at this section being an example of a rectangular beam with tensile rein- 
forcement only. Each beam is of uniform depth throughout the span, as this 
is most economical in shuttering ; therefore, since the bending moment is greater 
at the supports than at midspan, the design of the section at the supports is 
an example of a rectangular beam with compressive reinforcement. The stiff- 
ness is satisfactory since the ratio of span to overall depth is in all cases less than 
25 (see Table 13 of the Code). 

The calculations show that the shearing stresses are satisfactory. Reinforce- 
ment is required near the supports in designs (b) and (e) to resist the shearing 
force ; one or more of the bars provided for tensile reinforcement are available 
for bending up into the top of the beam. Such bars are used in all the designs 
to assist in providing the tensile resistance required over the supports ; not all 
the bars over the supports are fully effective for the latter purpose and those 
that are bent down immediately at the edge of the support, as in designs (b) 
and (e), are not considered in computing the tensile resistance. The bars remain- 
ing in the bottom of the beam at the supports overlap with those from adjacent 
spans to provide the necessary compressive reinforcement. The arrangements 
of the bars are shown in the diagrams on the calculation sheets. If additional 
resistance to shearing forces were required, this would be provided by mild steel 
binders ; if no such extra resistance were required, nominal binders of mild 
steel would be provided. 

The designs (a), (b) and (c) on Calculation Sheets Nos. 1 and 2 are for mild 
steel bars. Design (a) is in accordance with the modular-ratio method with 
the concrete stressed to 1000 lb. per square inch. Design (b) is similar but in 
accordance with the load-factor method and is based on Table III. Design (c) 
is in accordance with the load-factor method but with the same depth of beam 
as is required for the modular-ratio design (a) ; the formule in design (c) are 
from Table I and the factors are from Table II. 

The three designs (d), (e), and (f) on Calculation Sheet No. 2 correspond to 
(a), (b), and (c) respectively but are for high-yield-stress bars ; therefore design (e) 
is based on Table IV and design (f) on Tables I and II. 

The relative economy of the six designs can be determined by inspecting the 
calculations and diagrams. Although a fair comparison can be made only by 
considering complete designs such as these, it must be remembered that a beam 
is usually of practical depth and is therefore likely to be deeper than the cal- 
culated minimum. Similarly the area of reinforcement may exceed the area 
required because the area of a whole number of bars of a size commercially obtain- 
able is likely to be greater than the calculated minimum area. These excesses 
may favour one design slightly more than another. 

The principal conclusions arising from an examination of the six designs 
are 


(i).—The modular-ratio method results in a more economical design than 
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CALCULATION SHEET No. I. 

















































































































— 
KECTANGULAR BEATS SUPPORTING PRECAST 4LOOR SLABS. i 
/b. : 4 a ' _ 
(NTERIE| Dead load: Feces} slabs, tybping et.’ ga ” lew || {4 
SPANS SorKh Kors =ZO A | - * =e 
dtr ae Cceling Krish, ef. = S 1b perf | Designs. | Dé 
= Ox P= SEO 
[=20 A | Rianiahe, ang 70003 240 | | 42. 
| 
Seams a/ | (a7 dead /oad = B00 | 
Hi centtes. Live Joad: [0 46. ber 59. fF x SKE = 6FO (< 
| Sending \Temerts. 
“ag S00 x2Fx/2 , 640K 20%/2 Q 
Mt midspan. (7 = Ba 4 ss 3 = |4/6 000 fh, | c 
be/2' 2-2" 
At supports. Nf m G20%20"/2,, 640x202 ~ \66/00i7-6 
hod > (600 in-b- 
| Aecdch width) \ 
Shearing “are = (Foo 4 B40)x (OW = “At00%. ; ae 
== | | Lou 
COVERETE| Orctinazy grade /+ 2/4. fog" (000 hyper @. 7. For Designs | kin 
REINFORCEMERE V1 slee/ bars. Ap = 25,000 Bfugn. =/6.000fb fy. jo.| &, (LE) / ro 
ers Z = \e 
A a” s 4 od Py 
Design (a) idspar: a= [LOCC 197" f= 16) = /#-S 16° x 72” Mo 
Moose - Lg O8EX/4AS=/2-5" | Waspar & 
Aare =— “6000 i 3- Jen bothn| / 
AE THOD hp” teranan ae = /67 59./7. C2 6./n) . 
malS | Support: A=/6%, =/t-5f 4,=23 La (25) lebFnlth ine 
Q= (84 Lm-O42x/dsa62 : = 
270-66 M4, onceh)m JSE4%12 16S ae 465,000 w-lh. pe 4 
17, 20-429 1 Cramtorement) K 661,000 ~465, 000= /86,000/n\b | 
m-/=/4 Jt POSE AEC2-D 96004, fry. iin. |Cversupports: 
/286,00° 4-% frites | 
= = £69 59/7. 7 bearfom | 
s¢  SFe0 x 12-5 : a) 
Aue AEE OCS 196,000 a le (fn | 
tl -20,000K/25" Peooox/es ~~ 9% 9” pe aohp| 
yA = gee. = 264 fy. Norval binders. | SH] Con] 
Bar arrangement: y Ze 4 e > 2d | ee i 
ae NS I prem | [ae 
= — ee = — | 
fe Nl Ge “eae ez" a7 1 Lee | | 
at ——s a - -_ a “a ——— ae “9 
DESIGN (8) | Nypeban: NZ/K 34, Too in-lb Jin, Pom table: of = 44? Jarnie’ lo, 
LOAD- A4f= OR ex DF, jn. 4% a c 
FACTOR daft of mies daD o ee on 5?" 
“ane Supports A=/43 a= le; al, 2; P*jon7e5% = 953. ot AEF 
From fabulatod forwrailea (Series 4): AA ot 
=e A, =-BS3 = 26 2K025 2) 49\"5 YO 
G=tse % — Mo00(- Ys) an. ie Kay et 
_ Moo - Znes State ae Veorited mo - i 
—<_—————— = /26 a one A . ; 4 
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(Continued on Calculation Sheet No. 2.) 
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CALCULATION SHEET No. 2. 


(Continued from Calculation Sheet No. 1.) 


LOAD-FACTOR METHOD. 





REC TANGLLAKR BLAMS SUPPORTING PRECAST FLOOR SLABS (cont) 
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Moee(/—F=) ? baton an” 
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the load-factor method if the stress in the concrete in both designs is the maximum 
permissible ; the reduction in the quantities of concrete and shuttering in 
the load-factor design is insufficient to offset the cost of the greater amount 
of reinforcement ; compare designs (a) and (b) and designs (d) and (e). 
(ui).--If the beam is designed by the load-factor method but is of the size 
required by the modular-ratio method, the amount of reinforcement is the same 
in both’ designs ; compare designs (a) and (c) and designs (d) and (f). A slight 
advantage may lie with the design by the load-factor method because of the 
smaller amounts of compressive reinforcement required over the supports. 
(ili)—Beams with high-yield-stress bars require a smaller weight of steel 
than equivalent beams with mild-steel bars; compare designs (a) and (d), 
(b) and (e), and (c) and (f); a small increase in the quantity of concrete is 
required by the modular-ratio method, but, provided that the prices of high- 
yield-stress bars are competitive, beams with these bars are more economical. 
Conclusions (i) and (ii) apply also to beams with high-yield-stress bars. 


Designs (a) to (f) are for beams with ordinary-grade concrete. If similar | 


designs are prepared for, at one extreme, lower-grade concrete reinforced with 
mild steel bars and, at the other, with higher-grade concrete with high-yield- 
stress bars, it will be seen that conclusions (i), (ii), and (iii) still apply. It is 
interesting to note that the weight of steel required in a beam of lower-grade 
concrete reinforced with mild steel bars is about the same as the amount required 


in a beam of higher-grade concrete reinforced with high-yield-stress bars so long | 


as the basis of design is the same in each case. The former beam would be the 
larger, and the economic criterion is whether the unit costs of lower-grade concrete 
and mild steel bars are sufficiently low to offset the additional quantities of 
concrete and shuttering. 


SOLID SLAB. 


Consider a solid slab continuous over two or more equal spans. The 





bending moment is numerically greater at the supports than at midspan. Since 
it is not common to provide effective compressive reinforcement in a slab, and 
since it is more economical in shuttering if the slab is the same thickness through- 
out, the thickness provided should be the minimum required to resist the larger 
bending moment at the supports. At midspan, therefore, the thickness is greater 
than the minimum required to resist the smaller bending moment, and the amount 
of reinforcement is considerably reduced accordingly. Comparison of several 
designs for a slab spanning Io ft., carrying a superimposed load of roo Ib. per 
square foot, reinforced with mild steel bars or cold-drawn wire fabric (with | 
additional mild steel bars for distribution reinforcement), and designed by the | 
modular-ratio or load-factor methods, are given in Fig. 1 from which the following | 
conclusions can be drawn. 

(i).—With mild steel bars, the more economical slab is that designed by the| 
modular-ratio method ; but there is no difference in the costs of the slabs whether } 
designed by the modular- ratio method or load-factor method if the thickness is 
the minimum required by the modular-ratio method. 

(ii).—With cold-drawn wire fabric as the principal reinforcement, the load- 
factor method results in a cheaper slab, which is also cheaper than the cheapes! 
slab with mild steel bars. In the designs illustrated, the reinforcement ovet 
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the supports is provided by separate sheets of fabric ; the economy would be 
even more pronounced if the bottom sheets were waved up over the supports. 

The designs with the thickness of the slab greater than the minimum 
required at the supports (and with less reinforcement accordingly) show that 
the design procedure described in the foregoing, namely, basing the thickness 
on the minimum required at the supports, produces in general the cheapest 


slab. 
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Competition for the Design of a Factory. 
FIRST PREMIATED DESIGN. 


THE result of the competition sponsored 
by the Cement Marketing Co., Ltd., for 
the design of a reinforced concrete factory 
was given in our last number. The first 
prize of £1000 was awarded to Mr. J. 
Mendleson and Mr. J. H. C. Lamb (of 
Messrs. Joseph Mendleson & Partners), 
architects, in association with Mr. Z. L. J. 
Woloszczuk and Mr. R. B. Wilcox (of 
Messrs. Chamberlain & Partner), engineers, 
for the design shown in Figs. 1 to 3 and 
described in the following. 

Desicn.—A module of 3 ft. 6 in. would 
be used throughout. Most of the struc- 
tural members would be precast and some 
would be prestressed. In order to obtain 
uniform illumination in the main produc- 
tion area the longitudinal axis of the 
factory would be in the north-south 
direction, the main roof glazing facing 
north and supplementary glazing facing 
south. 

Long-span shallow prestressed beams 
at 3 ft. 6 in. centres would be used for the 
roofs of the canteen and entrance halls, 
with wood-wool slabs 2 in. thick spanning 


between them. 
in place. 

The main structural units of the factory 
roof would be triangular space-frames 
(Figs. 4 to 6) formed by two inclined 
Warren girders connected at the top by 
precast concrete planks and at the bottom 
by rectangular tie-beams at 6-ft. centres. 
The space-frames would form continuous 
lanterns at 28-ft. centres. Precast purlins 
would be supported on the bottom booms 
of the girders and would support wood- 
wool slabs. The largest triangular frame 
would weigh 7 cwt. 

EREcTION.—The frames would be as- 
sembled below their final positions on 
sleepers at 6-ft. centres with gaps 1 in. 
wide between adjacent triangles, and 
arranged to provide a camber of 2 in. 
The apex of each triangle would be sup- 
ported by a prop. 

After the slabs forming the roof of the 
lantern had been erected, the gaps between 
them would be shuttered on the underside 
and the two triangular frames and the 
slabs between them connected by a joint 


The frame would be cast 
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Fig. 3. 
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which would be cast in place. Pre- 


stressing cables would be passed through 
cavities formed in the bottom boom, 
bridging pieces being placed in the gaps 
between adjacent units, and the cavities 
filled with mortar. When the joints were 
strong enough the cables would be ten- 
sioned and the duct grouted. The com- 
plete frame, weighing 20 tons, would then 
be lifted on to T-shaped columns; these 
would be tightly wedged in pockets formed 
in the bases until the dowelled connec- 
tions between the frame and the columns 
were made. The columns would be 
plumbed and concreted in their bases, and 
the dowel holes grouted. 

The frames are designed to have pin- 
joints at the top of the columns, and all 
the wind forces would be resisted by the 
columns alone. In the longitudinal direc- 
tion the columns would be connected by 
precast beams which would also form the 
last purlin supporting the roof covering 
and carry the precast gutters. 

EXTERNAL FINISHES.—The exposed 
concrete frame would be left fair-faced. 
Precast panels would have exposed-aggre- 
gate surfaces, using coloured aggregate 
and coloured cement for the facing. The 
aggregate for the upper slabs would be 
from 1 in. to } in. in size, and from % in. 
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to } in. for the lower panels and the pre- 
cast blocks. On some parts of the eleva- 
tions profiled interlocking fair-face panels 
would be used. Coloured concrete facing 
bricks and panels of coloured cement 
would also be used. 

Cost.—The average cost of the manu- 
facturing and storage areas is estimated 
to be 2s. 3d. per cubic foot, or 50s. per 
square foot. The average cost of the 
offices, canteen, lavatories, first-aid rooms, 
and boiler-house is estimated to be 4s. 
per cubic foot, or 74s. 2d. per square foot. 
The assessor (Mr. Edward D. Mills, 
F.R.1.B.A., assisted by Messrs. Ove Arup 
& Partners, and Mr. Leslie W. Clark, 
F.I.A.S.) states that this estimate is 
realistic, and that the authors have given 
more than the average care in its pre- 
paration. 

INSULATION.—Generally the external 
walls would be of the cavity type, com- 
prising precast concrete slabs and an 
inner leaf of lightweight concrete blocks. 
The finishes would not be continuous with 
the structure, and where possible panel 
walls would be separated from the struc- 
tural frame and the floor. 


[The assessors report on this competi- 
tion is referred to on p. 233.] 
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A Precast Shell Roof. 


TWELVE precast concrete curved slabs 
with edge-beams, designed as “ shells ”’, 
each 24 ft. square and 1} in. thick, were 
used to cover a market with an area of 
96 ft. by 72 ft. in New Canaan, Con- 
necticut, U.S.A. The shape of each slab 
is generated by a circular arc with a chord 


Fig. 2.—_Shutter for a Slab. 
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of 24 ft. and a rise of 3 ft. 6 in., the path 
of which is an identical circular arc, 
Fig. 1 shows the erection of one of the 
slabs, and details of the reinforcement are 
shown in Fig. 3. 

Plywood shuttering, supported on 
curved timber ribs, was used (Fig. 2). 
Insulating blocks were placed on the 
shuttering before the concrete was placed. 
The slabs were erected (Fig. 1) by two 
cranes, using an equalising bar and a 
square lifting frame, and were water- 
proofed with three coats of acrylic plastic 
paint. The curved sides of the slabs 
were covered with translucent reinforced 
plastic to form roof lights. We are in- 
debted to ‘‘ Engineering News-Record” 
for the foregoing and for the illustrations 
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PILE CALCULATIONS BY THE WAVE EQUATION. 


Pile Calculations by the Wave Equation. 


By EDWARD A. SMITH. 


Tue results of experiments in which 
precast concrete piles were driven, with 
piezo-electric quartz strain-gauges em- 
bedded in the concrete, were described 
in a paper published in 1938.% Gauges 
were located at the head, centre, and 
point of each pile, and the oscillograph 
records showed that the impact stresses 
progressed from the head of the pile to 
the point and back again in general 
accord with the laws of longitudinal 
transmission of stress in solids given by 
the wave equation 
07 ~. 07 
at? ox?" 

In Appendix I of the paper a wave- 
equation solution for pile-driving was 
presented. This solution was compli- 
cated, and included the simplifying 
assumption that the ground acted as a 
spring, whereas actually the ground has 
elastic-plastic. characteristics. As a re- 
sult, this mathematical solution was not 
considered practical, and _ pile-driving 
practice has continued to be based on 
formule which are either empirical or 
have a questionable mathematical basis. 

With the increasiig availability of 
electronic computers the wave equation 
can now be applied to pile-driving, taking 
into account all the variables which are 
known or can reasonably be assumed. 
The analysis can include all the variables 
used in Mr. Hiley’s formula, such as the 
coefficient of restitution of the dolly 
or packing and the elastic-plastic action 
of the ground; friction and hysteresis 
can also be included, and the wave action 
is included automatically. The object 
of the calculation may be limited to deter- 
mining the penetration of the point of the 
pile against a specified ultimate resistance 
to driving, or may be extended to give 


the compressive and tensile stresses 
occurring during driving. Such addi- 
tional data as velocities, accelerations, 


and rates of compression are also obtain- 
able if they are wanted. 

Some analogue computers can solve 
the problem, but so far as the writer is 
aware no one has yet used one for this 
purpose ; the degree of accuracy obtain- 
able with such computers might be 
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insufficient. On the other hand, the 
basic methods involved in making wave- 
equation calculations on digital com- 
puters and checking them for accuracy 
have been set out by the writer.‘ 
The programming of an electronic digital 
computer in New York has been com- 
pleted and a few pile-driving calculations 
have been made. All these calculations 
have included the coefficient of restitution 
of the dolly or packing, and the 
elastic-plastic resistance of the ground 
at the point of the pile. In some of the 
calculations elastic-plastic friction at the 
side has also been included. In all cases 
the quake of the ground (or elastic 
ground compression) was assumed to be 
o*I in., which is considered to be con- 
servative. 

Mr. Hiley’s piling formula is probably 
the most rational of those in general use, 
and has terms that take account of all 
the major variables. However, the wave 
equation shows that some of the assump- 
tions on which it is based are not always 
justified. For example, these assump- 
tions make little difference for short piles 
or piles that are long but comparatively 
light, but when the formula is applied to 
piles that are long and heavy it leads to 
over-driving. This is objectionable in 
the case of precast piles because over- 
driving may shatter the concrete. 

Consider the following example of a 
precast prestressed pile with post-ten- 
sioned steel, which is typical of one type 
of pile being driven in the U.S.A. 

Length of pile, 150 ft.; outside dia- 
meter, 54 in.; inside diameter, 44 in. ; 
weight per ft., 800 lb.; total weight, 
120,000 lb. ; cross section, 770 sq. in. ; 
modulus of elasticity, about 5,000,000 lb. 
per square inch. 

Details of the hammer are: weight of 
rari, 15,000 lb.; gravity fall, 39 in. ; 
rated energy per blow, 48,750 ft.-Ib. ; 
assumed efficiency, 80 per cent. 

If Mr. Hiley’s formula is applied to 
such a pile and hammer, and if an ulti- 
mate driving resistance of 600,000 Ib. is 
assumed, then the formula, with the usual 
constants, gives the result that the pile 
cannot be driven. However, such piles 
have been driven and test-loaded to 
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TABLE I. 


Maximum compressive forces 


Specified 


Permanent penetra- 


. . - Blows 
Se tion or set per blow per 
(Ib.) Near head Near point (in.) inch 
, (Ib.) (Ib.) 
600,000 702,000 875,000 0-199 5 
900,000 702,000 1,177,000 0-080 12°5 
1,200,000 702,000 1,364,000 0*0001 Refusal 


800,000 lb. with negligible settlements 
and are now often used for working loads 
of 400,000 Ib. Mr.. Hiley’s formula can 
be adapted arbitrarily to give results 
which approximately agree with the 
known facts for these particular piles, 
but the results of applying the wave 
equation to the same problem are shown 
in Table 1. 

The forces given in Table 1 exclude the 
prestress. The stress in the concrete is 
therefore greater than that which would 
be obtained by dividing the forces shown 
by the cross-sectional area of the pile. 

It will be noted that the wave equation 
shows that only 5 blows per inch are 
required to drive the pile against an 
ultimate resistance of 600,000 lb., and 
that 12-5 blows per inch are sufficient to 
drive it against 900,000 lb. Refusal does 
not occur until the resistance reaches 
1,200,000 lb. These are in good agree- 
ment with the results of tests. 

Consideration of Table 1 leads to two 
facts that partly explain the differences 
obtained by means of the wave-equation 
calculations and Mr. Hiley’s formula. 

(1) Up to the instant of maximum 
penetration of the point the maximum 
compressive force at the head of the pile 
(702,000 lb.) is the same for all three cal- 
culations even though the resistance at 
the point varies widely. This is because 
the pile is heavy enough to stop the ram, 
with consequent restitution of the dolly 
and packing, before the reflected stress- 
wave can return to the head. 

(2) In Mr. Hiley’s formula the assump- 
tion is made that a uniform compressive 
force equal to the ultimate driving resist- 
ance exists throughout the length of the 
pile at the instant of maximum penetra- 
tion of the point. The wave-equation 
calculation shows that this is nearly true 
for light piles, because the pressure of 
the ram on the head of the pile is main- 
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tained up to and including the instant of 
maximum penetration of the point, but 
for long heavy piles the compressive force 
is not uniform. The force produced at 
the point may be almost twice as great 
as the force that was produced by the 
hammer at the head of the pile. This is 
due to the almost complete reflection of 
the compressive stress-wave by the 
ground. The wave turns back on itself 
at the point of the pile and thereby 
momentarily increases its force. The 
active pressure of the ram on the head 
has stopped; therefore this increase of 
force is only momentary, but it effectively 
overcomes the resistance of the ground 
unless the pile has reached refusal. At 
the time Mr. Hiley’s formula was de- 
veloped there was little or no experience 
of long and heavy piles at all equivalent 
to the example in Table 1, and the pos- 
sible importance of these factors could 
not be anticipated. 

Fig. 1 shows the kind of results obtain- 
able for shorter piles by wave-equation 
calculations. The data required for the 
calculations are given in the following : 

Length of pile, 50 ft. ; material of pile, 
steel; weight per foot, as given on the 
graph. Weight of ram, 5000 Ib. ; gravity 
fall, 3 ft.; rated energy per blow, 
15,000 ft.-lb. ; assumed efficiency, 88 per 
cent. 

Weight of helmet, 400 lb. for pile 
weighing 25 lb. per foot ; 1000 lb. for pile 
weighing 100 lb. per foot; 1200 Ib. for 
pile weighing 400 lb. per foot (others in 
proportion). 

Quantities that are known or assumed 
are the elastic modulus of the dolly, 
4,000,000 lb. per inch of compression ; 
coefficient of restitution of dolly, 50 per 
cent. ; elastic modulus of pile, 29,300,000 
Ib. per square inch; ultimate driving 
resistance, 400,000 Ib. ; quake of ground 
or elastic compression, o-I in. 
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In general, it may be concluded from 
the wave-equation calculations that light 
piles are driven faster than heavy piles 
so long as the resistance of the ground 
is comparatively small, as when driving 
through the upper ground, but when the 
resistance begins to increase com- 
paratively heavy piles can best be driven 
to a firm bearing, and thus can carry 





assumed to act at the point. From this 
it may be tentatively concluded that the 
assumption that all the resistance occurs 
at the point gives conservative results 
when using the wave-equation calcula- 


tions ; this is true also with Mr. Hiley’s 
formula. 
Like Mr. Hiley’s formula, the wave- 


equation calculation gives the ultimate 
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Fig. 1.—Influence of Weight per Foot of Pile on Effectiveness of Hammer Blow. 


A few wave- equation calculations have 
been made assuming that part or all of 
the ultimate driving resistance acts as 
side friction along the length of the pile. 
Various distributions were tried ; in some 
cases the friction was considered to be 
uniform for the full length and in others 
a triangular distribution was assumed. 
In nearly every case it was found that 
the minimum penetration per blow was 
obtained when all the resistance was 
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driving. The relationship between this 
resistance and the safe load-carrying 
capacity of the pile is a problem that can- 
not be discussed at length here. In most 
cases the wave equation with a factor of 
safety of 3 or 4 will indicate a permissible 
load as high or higher than would Mr. 
Hiley’s formula with a factor of safety 
of 2}. 

In conclusion it may be remarked that 
the attempt to apply wave-equation 
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calculations to pile-driving has extended 
over many years. Now that electronic 
computers can do the difficult mathe- 
matical work involved, the project has 
become practicable. 


(1) An Investigation of the Stresses in 
Reinforced Concrete Piles during Driving. 
W. H. Glanville, G. Grime, E. N. Fox, and 
W. W. Davies. Building Research Techni- 
cal Paper No. 20, D.S.I.R., 1938. 


(CONCRETE 


(2) “Impact and Longitudinal Wave 
Transmission.”’ E. <A. Smith. Trans, 
Am.S.M.E., August 1955. 


(3) ‘‘ What Happens when Hammer hits 
Pile.” E. A. Smith. Engineering News- 
Record, Sept. 5, 1957. 

Reprints of (2) and (3) may be obtained 
from Raymond International Inc., 140 Cedar 
Street, New York 6, U.S.A., of which 
Company the writer is Chief Mechanical 
Engineer. 


Book Reviews. 


‘* The Structures of Eduardo Torroja.”’ 
(London: Interscience Publishers, Ltd. 
Price £3 35.) 

THOsE who heard Professor Torroja lec- 

ture in London in January last had no 

doubt that they were listening to a great 
man, a man to whom mathematics were 
intuitive, to whom ingenuity came natur- 
ally, and a great artist and visionary, who 
fortunately dedicated his life to architec- 
ture and construction to the benefit of 
the world and to structural engineering 
in particular. This book sets out to 
record his more important and interest- 
ing achievements. It does so magnifi- 
cently. The structures are illustrated 
with photographs and drawings showing 
clearly the new conceptions in structural 
shapes with which he has enriched his 
native Spain. But the work .is much 
more than a picture book, for Professor 
Torroja not only describes the design of 
the structures as they now stand but he 
also discusses the reasoning that led up 
to them. In some cases his earlier 
thoughts are also explained and _ illus- 
trated, and the reasons are given why 
they were discarded. The philosophy of 
his approach to structural problems is 
clearly presented, and we are able to 
understand the mental processes that 
have resulted in shapes and designs not 
hitherto attempted in concrete. A stimu- 
lating book that should be read and re- 
read by structural engineers—except 
perhaps those who are unwilling or unable 
to dream, and who believe that their 
work comprises no more than following 
existing types of structures and designing 
according to codes and handbooks. And 
men who believe that a smattering of 
mathematics is the chief qualification of 
an engineer will be surprised to know that 
such a brilliant mathematician sets more 
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store on the results of the testing of scale 
models. 


‘** Materials of Civil Engineering.’’ By 
J. P. M. Pannell. (London: Hutchinson 
& Co., Ltd. 248 pages. Price 30s.) 

Tuts book provides a useful and accurate 

introduction to the properties and uses of 

soils and rocks, timber, iron, steel, 
aluminium, cement and concrete, and 
chemical products. A great deal of in- 
formation is given, but the treatment is 
uneven ; it is surprising to see one-fifth 


of the book devoted to timber and only ' 


eleven pages to paint, rubber, plastics, 
bitumen, and asphalt. The description 
of this group of products is superficial and 
could usefully have been enlarged at the 
expense of other sections. A more 
detailed and extensive bibliography would 
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also have been of value. 


‘* Praktische Winke zum Studium der 
Statik.’’ By Ernst Kohl. (Berlin 
Springer-Verlag. Price 18 D.M.) 


In this short work on the theory of struc- 
tures the author deals with problems of 
equilibrium, influence lines, the solution 
of deformation problems, transversely- 
loaded beams subjected to longitudinal 
forces, selected statically-indeterminate 
structures, and the stability of frames. 
In the section on statically-indeterminate 
structures, strictly accurate proofs are 
frequently abandoned in favour of geo- 
metrical and graphical solutions. There 
are numerous exercises, and the value of 
these is enhanced by giving possible alter- 
native solutions with a comparison of the 
advantages and disadvantages in eacl 
case. The book is primarily intended fo 
students, but practising engineers may | 
find it useful for refreshing their knowledge 
of the principles of statics. 
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‘* A.C.I. Manual of Concrete Inspection ”’ 
(price $3.50); ‘*‘A.C.I. Standards, 
1957’ (price $4); ‘* Manual of Stan- 
dard Practice for Detailing Reinforced 
Concrete Structures ”’ (price $4). (De- 
troit: American Concrete Institute.) 

THE 1957 edition of the Manual of Con- 
crete Inspection maintains the high 
standard of the previous editions. All 
aspects of the subject are comprehen- 
sively and concisely described, and the 
book is useful to anyone concerned with 
the production and inspection of con- 
crete. 

The book of A.C.I. Standards includes 
eleven current U.S.A. Standards con- 
cerning most aspects of the design and 
manufacture of concrete. The Manual 
of Standard Practice is of little assistance 
to British engineers, in view of the wide 
differences between British and U.S. 
practice. 


“‘Der Stahlbetonbau.’’ By Karl Kersten. 
Revised by Heinrich Kuhnert. Part III. 
Entwurfsbeispiele im Hoch und Industrie- 
bau. (Berlin: Wilhelm Ernst & Son. 
1957. Price D.M. 23.50.) 

Tuis edition includes 120 examples of 

reinforced concrete design applied to 

buildings, including slabs and beams, 
columns and footings, staircases, roofs, 
frames, and free-standing walls. Con- 
tinuous beams and rectangular frames are 
designed by the theory of three moments 
or the method of moment-distribution. 

The designs are based upon the German 

draft code of practice DIN 1040, which 

does not require the determination of 


BOOK REVIEWS. 


exact values of the stresses in concrete 
provided that they do not exceed the 
maximum permissible values. By the 
use of two or three tables (no diagrams are 
needed) it is possible to calculate the 
whole range of bending combined with 
axial forces (of which bending only is 
treated as a particular case), resulting in 
an appreciable saving of time. 


British Standard Code of Practice No. 
2001(1957) : Site Investigations. 
(Londcr: British Standards Institution. 
Price 20s.) 

THIs is a revised edition of the Civil En- 

gineering Code of Practice No. 1 which 

was published by the Institution of Civil 

Engineers in 1950. It deals mainly with 

the investigation of the suitability and 

characteristics of sites as they affect the 
design and construction of civil engineer- 
ing works. 


‘* Earth Pressures and Retaining Walls.’’ 
By Whitney Clark Huntingdon. (Lon- 
don: Chapman & Hall, Ltd. Price 92s.) 


Tuts book of 534 pages is devoted entirely 
to the design of retaining walls and the 
forces to which they are subjected. It 
is a comprehensive and thorough treat- 
ment of every aspect of the subject ; both 
text and diagrams are clear, and the 
examples are well chosen. The methods 
described are widely used in this country 
as well as in the U.S.A., and engineers 
confronted with unusual problems re- 
lating to retaining walls will almost 
certainly find the solutions here. 
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A PRESTRESSED BRIDGE 


AT NOTTINGHAM. 


(CONCRETE) 





A Prestressed Bridge at Nottingham. 


THE new Clifton bridge (Figs. 1 and 2) 
over the River Trent at Nottingham has 
un overall width of 46 ft. 3 in., including 
a 22-ft. carriageway, a 9-ft. cycle track, 
and a 6-ft. footpath. The angle of skew 
to the river is 24 deg. 

The main bridge consists of a central 
span of 275 ft. over the normal bed of 
the river (this is the longest prestressed 
concrete span in Great Britain) and two 
side spans of 125 ft. (Figs. 3 and 4). On 
the north the approach road is partly on 
an embankment and partly on a flood- 
relief viaduct of three 40-ft. spans. On 
the south a viaduct of three go-ft. spans 
adjoins the bridge; the total continuous 
length, excluding the northern viaduct, 
is almost: 800 ft. 


The bridge is designed in accordance 
with the Ministry of Transport standards 
for abnormal loading. The Magnel- 
Blaton system of prestressing was used 
for the main bridge and the southern 
viaducts ; the northern viaducts are pre- 
stressed by the Lee-McCall system. De- 
tailed studies were conducted by the 
consulting engineers on a perspex model 
of one-fiftieth size to determine the effect 
of the skew. 


The Main Bridge. 


The main bridge is designed as two 
cantilevers each 87 ft. 6 in. long support- 
ing a suspended central span 1oo ft. long, 
and balanced by end spans of 125 ft. The 
end spans and 


cantilevers were cast in 





Fig. 1. 





Fig. 2. 
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pilates piheedal hentia abe aed ta bbe 
PeHEEAT apa 
The AHHEHEHE Ab Ee eee eed deta 


THe THE AE a PRT bebe eel 
wihh Walla oul 
BHP HET Ene HHH He eed 
Vt othe Pellilab abba 
BH PHEHE Ee ere abe at Ee He Peete 
viel the Abe epithe ee tlie @teedinedt Hlee 
iHlh piteat trae i eulitine Wibhi the ell 
Tt PHPHOH OP bre Eee @iippre the 
erie apn hwo @nlid piere of rediforeeed 
botierete aiipport the catitilevere and the 
eel apie ab the fiver bathe; they were 
Hilt of eoterete piles withitt a cofferdam 
A prestressed cappitie beat surmottites 
the piers; there is a cotierete hinge 
between this and the bridge beame 

The balaticed cantilevers are of cellulat 
construction with connecting 
stiffeners 12 in. thick The longitudinal 
webs are about to ft. apart; the trans 
verse diaphragms are at intervals of 25 ft 
in the end spans and about 2t ft. in the 
cantilevers. The to-in. top slab forms 
the deck ; the bottom slab varies in thick 
ness from 14 in, at the pier to 6 in. at the 
ends of the span. Heavy service mains 
pass through the stiffeners and under the 
precast beams of the central span ; lighter 
services are accommodated under the pre- 
cast footpath and the precast verge be- 
tween the cycle-path and the carriageway. 

The end spans were built on falsework 
in the usual manner, and the caritilevers 
were then constructed in 10-ft. sections 
with the aid of a moving scaffold sus- 
pended from the previously-completed 
section. The prestressing was so designed 
that as each section of the cantilever was 
completed enough cables were anchored 
at the end of the section to provide 
sufficient strength for the construction 
of the next stage. The prestressing wires 
are in the deck slab and the longitudinal 
webs. 

The suspended span consists of five 
I-beams and two T-beams, 6 ft. 9 in. 
deep at the ends and 6 ft. deep at mid- 
span, which were precast on the site and 
partly prestressed. The beams are sup- 
ported at about 7 ft. centres on roller- 
bearings at one end and rockers at the 
other; shear connectors consisting of 
1}-in. high-tensile bars were installed in 
the concrete at these points and at the 
ends of the cantilevers. After erection 
the stiffeners were cast and partly pre- 
stressed ; the deck slab was then cast 
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Hintent ahutbering foe the eek alaty thy 
atifferiere between the bentine were preeaa 
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The siipports consist of two abutiiente in 
the form of counterfort walle 
and two hinged piers 


were 


tiny) Heatige a tH 


retaining 


Each span of the southern viaduet eon 


sists of five central |-beams and two 
hollow beams; all are 5 ft. 6 in deep 
and prestressed by the Magnel-Blaton 
system rhe central span of the viaduet 
was cast in place The beams for the 
other two spans were precast and pre 


stressed on this completed span_ before 
being launched into position. The deck 
slab and stiffeners were cast in place and 
transversely prestressed after the concrete 
had matured. The system of beams and 
stiffeners was designed as a grillage. The 
supports consist of solid fixed piers and 
an abutment in the form of a counterfort 
retaining-wall with wing walls. 

Mr. R. M. Finch, O.B.E., is the City 
Engineer and Surveyor, the consulting 
engineers for the main bridge were Messrs. 
R. Travers Morgan & Partners, and the 
contractors were Messrs. James Miller & 
-artners, Ltd. 


Lectures on Road Materials. 
Courses of lectures on the properties 
of road materials and the application of 
the results of research will be held at the 
Road Research Laboratory during the 
latter part of 1958. Details can be had 
from the Director, Road Research Labora- 
tory, Harmondsworth, West Drayton, 
Middlesex. 


CONCRETE MIX 
HOW MUCH WATER ? 


** Speedy "’ Moisture Tester gives accurate answer 
in 3 minutes. Also for moisture content of soil in 
road construction. Labourers can use on site; 
no skill ; noelectricity ; portable. Complete, £38. 
Send for brochure and D.S.I.R. Report to (Dept. 
C.C.3.) THos. AshwortH & Co. Ltp., Vulcan 
Works, Burnley, Lancs. 
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ond rig. 1. Detatis of Pite, 

ep, } 
hot fit use of an isothermic polyester resin 

uct isa jointing material was demonstrated 

t he recently during a test on a precast pre 
ree |) stressed pile. The material is supplied 


ore | in the form of a resinous liquid and a 
eck | powder, which are mixed together to form 


ind | the jointing material 

ete Che pile tested is shown in Fig. 1. The 
ind bottom part (A) was first driven until it 
rhe projected about 4 ft. above the ground, 
ind the extension (B) was lifted and aligned, 
fort and prestressing bars in the extension 


were lowered into the open ends of 

‘ity | couplers provided in the head of the 

ing driven portion. The jointing material 

was placed on the top of part (A) and the 

the extension was then lowered into position. 

r & The material takes about fifteen minutes 

to set, and during this period preparations 

were made for the prestressing operation. 

After the jointing material had set, a 

}  prestressing force of 80 tons was applied 

ties to the extension and the pile was driven. , 

— The procedure was repeated with extension Fig. 2.—Pile head before forming 
the (C), and driving was continued until the the Joint 

the 

had 

ora- 

ton, 
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Fig. 3.—Joint before driving. 
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EXTENDING 


set was } in. per blow using a drop- 
hammer weighing four tons, with no sign 
of extrusion or distress at the joints. 
Extension (C) was later pulled off; the 
joint remained unbroken, failure occurring 
in the concrete immediately above it. 
Fig. 2 shows the head of part (A) before 
the joint was formed; Figs. 3 and 4 
show the joint before and after driving. 

The jointing material had a com- 
pressive strength of about 12,000 lb. per 
square inch and a tensile strength of about 
1500 lb. persquareinch. It isstated that 
by varying the grade of powder compressive 
strengths up to 20,000 Ib. per square inch 
and tensile strengths up to 10,000 Ib. per 
square inch can be obtained. The material 
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can be used under water, in which case 
its properties are slightly reduced. It js 
stated to have a shrinkage of about 2 
per cent., a low elastic modulus, and to 
be resistant to chemical attack. Similar 
materials can be applied by means of a 
double-nozzle spray gun to form a wearing 
surface on slabs or floors. 

The material, known as “ Artrite 13- 
10”, is supplied by Artrite Resins, Ltd, 
The pile tested was driven by the Demoli- 
tion & Construction Co., Ltd., as part of 
a contract for the South Eastern Gas 
Board at Wandsworth, London. The 
test was made on behalf of McCalls 
Macalloy, Ltd., with the collaboration of 
the Board. 


FIFTY YEARS AGO. 


From ‘‘ CONCRETE AND CONSTRUCTIONAL ENGINEERING,’ MAY-JUNE, 1908.* 


REINFORCED CONCRETE FRAMED BuiL_p1nc.—The office buildings recently erected by 
Messrs. Holland & Hannen, of London, known as Friars House, Broad Street, offer 
an interesting example of modern methods of construction. It is, we believe, one 
of the first modern buildings in the City of London to be erected without the aid of 
structural steel of any kind; in fact, there is not a single rolled steel joist in the 
building. The concrete was hand-mixed, twice dry and twice wet, and com- 
posed of one part “‘ Ferrocrete ’”’ Portland cement, two parts washed Thames sand, 


and three parts Thames ballast, crushed to pass a ? in. mesh. 
moderately wet and gave a most satisfactory result. 


The mixture was cast 


THE FRANCO-BRITISH EXHIBITION.—The Stadium at the Franco-British Exhibi- 
tion [in London] is an excellent instance of how to employ a framework of steel with 
platforms of reinforced concrete. It was originally proposed to erect the entire 
structure in reinforced concrete but apparently the question of demolishing it at the 
termination of the Exhibition caused the decision in favour of steel. We under- 
stand that there was practically no difference in the cost of the two forms of con- 
struction, though, if anything, reinforced concrete was the cheaper. The concrete 
for the reinforced concrete platform was placed in position by means of an inclined 
tramway running up the Stadium. The truck consisted of four platforms so that, 
when stopped, each platform was opposite in line and level with the platform of the 
Stadium itself. The workmen were. thus able to wheel the barrows direct on to the 
work. The centering for the concrete was all slung. 

* Concrete and Constructional Engineering "’ 


appeared in alternate months until September, 1909. 


A Portable Cement Silo. 


THE portable cement silo shown in the 
illustration is of plywood on a steel frame, 
and can be towed by a 1-ton lorry. It 
has a capacity of up to 40 tons of cement, 
and is fitted with a 7}-h.p. electric motor 
for operating a rotary blower for dis- 
charging the contents. A beam-type scale, 
which can be operated automatically or by 
hand, is provided. The silo is supplied 
by Road Machines (Drayton), Ltd. 
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